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NON-TECHNICAL SUMMARY
Rises in the minimum wage determine not only the bottom part of the earnings distribution but also labour costs in general, and this could potentially cause headcount reductions. However, the exact channels through which minimum wages affect the economy are still the subject of debate in the literature. Used as a policy tool, changes in the minimum wage should take account of possible transmission effects on firms and households. While from a monetary policy point of view, the impact on product prices should also be considered. Given the nature of our data, the focus of this paper is on the adjustment strategies firms use following rises in the minimum wage.
We address this topic using a unique firm-level cross-country survey dataset compiled from a survey conducted within the scope of the third wave of the European Central Bank's (ECB) Wage Dynamics Network (WDN3). Firms in eight Central and Eastern European (CEE8) countries, namely Bulgaria, Estonia, Hungary, Latvia, Lithuania, Poland, Romania and Slovenia, were asked about the particular adjustment strategies they had chosen following a specific instance of a rise in the minimum wage during the recent post-crisis period. The adjustment channels in the survey were layoffs, cuts in hiring, price rises, cuts in non-labour costs, wage rises for employees earning above the minimum wage, and improvements in productivity. The survey collected responses from more than 7400 companies in the CEE countries operating in the non-agricultural private sector and employing at least five workers.
First, we provide some descriptive information about the CEE countries, focusing on economic conditions and institutional characteristics. Further, we find significant crosscountry and sectoral differences in the average share of workers earning the minimum wage. However, there are some similarities in that smaller, domestically owned, non-exporting firms and firms employing a higher proportion of low-skilled blue collar workers tend to pay a higher share of their employees the minimum wage.
Almost half of the subsample of firms, which employ minimum wage workers responded that at least one of the specified six adjustment channels was relevant. The most popular adjustment channels are the increase in product prices, the reduction of non-labour costs and productivity improvement. Direct layoffs of employees were cited as relevant by the smallest number of respondents, while only a slightly larger share of firms indicated the relevance of reductions in hiring (see figure below, left half). We also show that rises in the minimum wage can have significant spillover effects on firms that do not employ workers at the minimum wage. About 20 percent of such firms reported that the three most popular adjustment channels were relevant (see figure below, right half).
This paper contributes to the literature by studying the reactions of firms to rises in the minimum wage as a combination of several strategies and by reporting a preference ranking of those strategies. Such information is not available in other studies due to their concentration on a single transmission channel, most frequently layoffs.
INTRODUCTION
The debate on the effects of rises in the minimum wage has run for several decades, and the evidence on the impact remains largely disputed. A variety of theoretical models have been developed to describe the possible effects of rises in the minimum wage, such as the competitive model, where there are negative effects on employment as firms substitute lower-skilled with higher-skilled workers; monopsony models, which identify positive effects on employment from the increased use of low-skilled workers; or efficiency wage models, which find efficiency gains as workers make more effort as they have a higher wage. Other transmission channels for adjusting to a rise in the minimum wage include wage spillovers and wage compressions, pass-through into prices, cuts in non-labour costs, improvements in productivity and production capacity, or changes in the quality of human capital and absorption into profits (see Neumark and Wascher (2008) and Belman and Wolfson (2015) ).
Only a very small segment of the literature analyses different effects of a rise in the minimum wage simultaneously. Even fewer studies look directly at the answers employers give about their preferred strategies for adjustment. An example of research combining these two aspects is a study of the US restaurant sector by Hirsch et al. (2015) , who use a qualitative survey of restaurant managers about the adjustment channels they use in response to a change in the minimum wage. The survey approach appears again in a paper by Harding and Harding (2004) , who study how a rise in the minimum wage affects employment and wages in small and medium-sized businesses in Australia. A smaller survey is run each year in the US by Small Business Majority, which collects the views of small businesses on possible increases in the minimum wage (see e.g. Small Business Majority, 2015) . To the best of our knowledge there are no studies using European firm-level data focusing on multiple possible adjustment channels, making our study a valuable addition to the literature on minimum wages in Europe.
The unique questionnaire has been prepared within the third wave of the ECB WDN3 11 , and asks firms in eight of the participating countries (Bulgaria, Estonia, Hungary, Latvia, Lithuania, Poland, Romania and Slovenia) about their strategies for adjusting following the most recent rises in the minimum wage, or recent and envisaged rises in Romania. These countries, which joined the EU in or after 2004, have a higher share of low wage earners than other European Union members, and have seen significant rises in the minimum wage in recent years coupled with a growing ratio of the minimum wage to average earnings, and so they provide an excellent setting for analysis of transmission channels for minimum wage rises.
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Unlike in other EU countries, low wages are typical in the new member states not only for new entrants to the labour market but for all age cohorts, which may partly explain the relatively high incidence of in-work poverty and labour market segmentation (see Horemans et al., 2016) . Thus rises in the minimum wage changes can be expected to impact the functioning of the labour market more in this particular group of countries than in the other EU economies.
The WDN3 questionnaire of the CEE8 countries included two questions on minimum wages, one asking about the proportion of employees earning the minimum wage 12 , and the second, asking how firms adjusted following the most recent rise in the minimum wage or recent and envisaged rises for Romania.
Our results show that the rise in minimum wages is mostly transmitted into higher prices, cuts in non-labour costs and improvements in productivity. This result is in line with the findings of Hirsch et al. (2015) for the US. We also show that cutting employment is not a common reaction to a rise in the minimum wage, and when it happens it is mostly through reduced hiring rather than direct layoffs. Furthermore, we find evidence of an important spillover effect from rises in the minimum wage to firms with no workers earning the minimum wage. Finally, the analysis of the factors driving the choice of particular adjustment channels takes the possible simultaneous use of the channels into account. For this purpose, we estimate a multivariate probit model consisting of several probit equations that are correlated through their error terms.
The structure of the paper is as follows: we first review the theoretical and empirical literature; then, we explain the survey questions and database harmonisation and provide the main descriptive statistics; next we discuss the economic conditions and institutional characteristics of the countries; after that we discuss our empirical results. The last part concludes.
LITERATURE REVIEW

THEORETICAL MODELS
The literature on the effect of changes in the minimum wage covers four main theoretical approaches -the competitive model, the dynamic monopsony model, the search and matching model, and the institutional model. These approaches are based on different assumptions about how the labour market functions and the mechanisms for adjusting to binding minimum wages (Schmitt, 2013; Wilson, 2012) and support the evidence that there are other channels for adjustment to rises in the minimum wage than the employment channel. Different theoretical models feature the pass-through of labour costs to prices, cuts in non-labour costs, wage rises for employees not earning the minimum wage, efficiency improvements and changes in employment adjustments.
The basic competitive model is a baseline framework in this regard (see Lester, 1960; Hirsch et al., 2015; Wilson, 2012; Kaufman, 2010; Lee and Saez, 2012; Schmitt, 2013) . In perfectly competitive labour markets, setting minimum wages above the market clearing level reduces the demand for labour. This results in lower employment if there is no other possible channel for adjustment. Extending the basic competitive model can introduce further adjustment channels, including cuts in working hours instead of in the number of employees, reduced investment in training and other worker benefits, and lower turnover. Prices can also rise in these models if all the firms experience the same cost increase in response to higher minimum wages. As firms under perfect competition operate at maximum productivity, there is no room left in this framework for any improvement in overall efficiency.
The monopsony model is also often used assessing the impact of minimum wages on firms' decision-making. The static monopsony framework is reviewed by Boal and Ransom (1997) ; the dynamic monopsony model is discussed in, among others, Manning (2003) and Ashenfelter et al. (2010) ; see also Kuhn, 2004; Lee and Saez, 2012, Card and Krueger, 1995; and Wilson, 2012 . Labour market frictions are a key component of dynamic monopsony models. Market power and labour market frictions allow profit-targeting firms in monopsonic markets where there are no binding minimum wages to hire less labour than the socially efficient amount and to set wages below the competitive market rate. The upwardsloping labour supply curve, where employment is an increasing function of wages, determines that both employment and wages in such settings rise in response to the binding minimum wage up to a competitive market level. However, monopsonic market power allows firms to pass at least a part of the increase in their costs on to consumers by raising prices. There are also positive spillover effects on wages in this model, as monopsonic firms that already pay more than the minimum wage might decide to maintain the differential to the minimum wage in order to attract new employees.
Like the monopsony framework, the search and matching model accounts for labour market imperfections (see Cahuc, 2014; Flinn 2006 , Rogerson et al., 2005 . This model assumes search frictions, as there are both employed and unemployed workers in the labour market, and jobs are either filled or unfilled. Unemployed workers search for job openings, whereas firms, driven by the objective of profit maximisation, search for employees to fill their vacancies. In this framework, like in monopsonic markets, binding minimum wages could, in fact, reduce unemployment under certain conditions. A rise in minimum wages may lead to stronger job search efforts, an improved matching process, and thus a rise in employment and overall efficiency.
The institutional model (see Kaufman, 2010; Hirsch et al., 2015; Lester, 1960; Hall and Cooper, 2012; Schmitt, 2013; Wilson, 2012) competitive, integrated and exposed to an excess labour supply, and that they operate under certain labour market institutions. Firms in the model respond to a rise in the minimum wage by improving their overall efficiency by either reducing organisational inefficiencies or increasing the productivity of employees. In contrast to the competitive model, where there is no room left for productivity improvements, the institutional framework suggests that it is possible under normal circumstances for firms to improve their overall efficiency, even though it appears to be costly as it requires continuous identification of problems and solutions. Furthermore, the pass-through into higher prices appears in this framework to complement the increase in efficiency in offsetting the rise in labour costs. On the demand side, the increase in binding minimum wages is reflected in higher disposable income, which could boost demand for goods and services, spurring growth in firm revenues and then feeding back into demand for additional labour and higher wages, like in the monopsony model.
In total these theoretical models suggest that firms have a number of strategies for reacting to rises in the minimum wage. Moreover, rises in the minimum wage can result in both increases and decreases in specific cost components.
EMPIRICAL RESULTS FOR THE EFFECTS OF RISES IN THE MINIMUM WAGE
Estimates of the effects of rises in the minimum wage are based on several different methodological approaches. These approaches can be divided by the extent to which they account for the transmission mechanism of rises in the minimum wage to macroeconomic outcomes (whole economy vs. specific industries, direct vs. indirect effects; see Lemos, 2008) . General equilibrium models are claimed to account for the whole transmission mechanism, while other methods such as input-output models, separate Philips curve equation estimations, difference-in-difference estimation, or regression analysis, account only for part of the transmission.
The following overview of the empirical findings focuses mainly on studies of partial equilibria. Empirical findings on the effects of rises in the minimum wage on employment predominate. Although existing studies indicate potential effects in both directions, negative employment effects dominate slightly. Neumark and Washer (2006) and Neumark et al. (2014) review a number of studies on how minimum wages affect employment, mostly in the United States but also in other countries, including some European countries. The authors provide support for the conventional view that minimum wages reduce employment among low-skilled workers and that the low-wage labour market segment can be reasonably well approximated by the neoclassical competitive model. Similar results are obtained by Huang et al. (2014) for China, where the minimum wage is also found to affect employment negatively, particularly in firms with low wage earners. In contrast, Levin-Waldman and McCarthy (1998) For the wage effects, rises in the minimum wage are found to compress the lower tail of the wage distribution and to have some positive spillover effects on wages up to about 20% above the minimum wage level (Neumark and Wascher, 2008) or up to the median wage (Manning, 2003) . A similar effect is found by Hirsch et al. (2015) for the US restaurant sector. Kambayashi et al. (2010) reveal that the increase in the minimum wage in Japan from the 1990s until the early 2000s in a period of deflation compressed the lower tail of the wage distribution among women. Strong wage compression not only in the lower tail but also in the upper tail of the wage distribution is found during an economic downturn in the German construction sector, indicating a negative wage spillover effect for high-wage earners and increased bargaining power for firms over workers still in employment (Aretz et al., 2012 and 2013; Kraft et al., 2012; Gregory, 2014) . Wage-setting institutions might play a role in determining the extent of the spillover effect (Rattenhuber, 2014) . Draca et al. (2011) find that after the minimum wage was introduced in the UK in 1999, wages above the minimum level were raised significantly, while firm profitability declined considerably. Hirsch et al. (2015) find that the profitability growth of firms is particularly likely to be reduced if due to adverse economic conditions the effect cannot be transmitted into higher prices.
Most empirical studies find rises in the minimum wage have no significant effect on training and through that on productivity (e.g. Acemoglu and Pischke, 2003; Grossberg and Sicilian, 1999; Neumark and Wascher, 2001 ). In contrast, Hirsch et al. (2015) show that a rise in minimum wages creates pressure on managers to increase labour productivity from the workforce by cross-training, multi-tasking and tighter work schedules.
For the transmission into prices, Card and Krueger (1995) , Macdonald and Aaronson (2000) , and Hirsch et al. (2015) find that rises in the minimum wage affect inflation significantly, but Katz and Krueger (1992) do not concur. Lemos (2008) compares over twenty studies on the price effects in the US and concludes that rise in the minimum wage is associated with a stronger increase in food prices and a weaker increase in overall prices. Similarly, Wadsworth (2010) finds that within four years of the introduction of the minimum wage in the UK, prices appear to have risen significantly faster in several minimum wage-intensive sectors than in other sectors.
EMPIRICAL STUDIES FROM CENTRAL AND EASTERN EUROPE
Empirical findings from Central and Eastern Europe (CEE) show that rises in the minimum wage have a negative effect on employment and hiring, particularly in small enterprises and for younger, unskilled and minimum wage workers, in Hungary (Kertesi and Köllő, 2002; Kertesi and Köllő, 2004; Halpern et al., 2004) , the Czech Republic and Slovakia (Eriksson and Pytlikova, 2004, Fialova and Mysikova, 2009) , Estonia (Hinnosaar and Rõõm, 2003) , Latvia (Zepa, 2006) and Slovenia (Laporšek et al., 2015 , Brezigar Masten et al., 2010 particular for the workers with the weakest bargaining position, like young workers and temporary workers (Majchrowska and Żółkiewski, 2012; Kamińska and Lewandowski, 2015) .
Evidence of higher consumer prices being caused by a rise in the minimum wage is found in Hungary (Harasztosi and Lindner, 2015) and Latvia (Zepa, 2006) .
A positive wage effect for workers at and above the minimum wage is found for Hungary (Kézdi and Kónya, 2012, Harasztosi and Lindner, 2015) , the Czech Republic and Slovakia (Gottvald et al., 2002; Eriksson and Pytlikova, 2004 in 1999 -2003 , Slovenia (BrezigarMasten et al., 2010 and Laporšek et al., 2015) , Latvia (Zepa, 2006) and Estonia (Ferraro et al., 2016) . Banerjee et al. (2013) find that the rise in the minimum wage in Slovenia prevented wage cuts being made and thus contributed to downward wage rigidity.
Finally, non-compliance with the minimum wage (the incidence of paying wages below the minimum wage) in Central and Eastern European countries was studied by Goraus and Lewandowski (2016) , who found that higher ratios of the minimum wage to the average wage were associated with higher non-compliance, which may significantly weaken the final effects of minimum wage policies in CEE countries.
Following the designated literature and given the specifics of our data (direct firm responses from the WDN3 survey), the analysis in this study is based on a multivariate probit model, and is therefore likely to cover only a part of the transmission mechanism, and thus possibly not take account of second-round effects. The adjustment channels considered in the WDN3 survey were chosen to reflect the main theoretical models presented above.
DATA
The empirical part of the paper uses firm-level data obtained from a survey conducted within the WDN3. The survey was run in 2014 by 25 national central banks 13 using a harmonised questionnaire that covered the period 2010-2013. This paper concentrates specifically on a block of questions about firms reaction to a rise in the minimum wage, which was included in the questionnaires of the nine countries (Bulgaria, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia). A question about the share of minimum wage earners was included in all nine countries (see Table A1 ) and firms in all of them except Slovakia were asked about adjustment strategies they followed after the most recent rise in the minimum wage (see Table A2 ). An advantage of this survey is that firms were asked directly about their chosen course of action following a rise in the minimum wage. This information is not available in administrative datasets. One of the main caveats of the survey approach is that the answers from firms do not necessarily reflect what they actually did but rather their subjective perception of it, and so they may be influenced by circumstances at the time the survey was carried out, even though the reference period in most cases is explicitly stipulated.
The total sample size of this dataset is 8079 firms. The composition of the sample by countries, sectors and firm size categories can be seen in Table 1 . This sample is designed to be representative across firm-size categories within each country and its sectoral distribution closely follows the distribution of firms in each country. 14, 15 The size of the sample, however, varies across countries both in absolute terms and relative to the population of firms in the country, so individual weights have been used to make the sample representative of the population of firms in each country (firm weights) and to account for the number of workers that the firm represents in the population (employment weights). 
DESCRIPTIVE RESULTS
SHARE OF EMPLOYEES EARNING THE MINIMUM WAGE
There is in general great uncertainty about the actual number of workers employed at the minimum wage, as estimates by various sources may differ significantly. Overall, the WDN estimates are comparable with the official estimates by national statistical offices or ministries for 2013 (see Table 2 ), though the WDN estimates other than those for Latvia, Estonia and Poland are a little higher than the national statistics. The average share of employees earning the minimum wage in our sample varies quite significantly across countries, sectors and occupations, but only partially across firm-size groups (see Table 2 ). There are several points to note from this. First, the WDN survey results show that fewer than 5% of the employees of the average Estonian firm earn the minimum wage, whereas one third of a typical firm's workforce are employed at the minimum wage in Hungary and Romania. Second, the sector with the highest share of minimum wage earners differs across countries, as manufacturing has the largest share in Bulgaria, Lithuania and Hungary, business services does in Latvia, Slovenia and Slovakia, while construction has the largest proportion of workers employed at the minimum wage in Estonia, Poland and Romania. At the opposite end of the spectrum, energy and financial services have the smallest shares of their workers earning the minimum wage. Third, minimum-wage workers are more frequently employed by firms where low-skilled blue collar workers are a dominant part of the workforce. Fourth, although the differences across firmsize categories are not very large, small firms with fewer than 50 employees are more likely to pay the minimum wage than larger firms are. In Bulgaria and Hungary, however, the share of workers in large firms earning the minimum wage is more significant, reflecting the higher share of workers on the minimum wage in manufacturing. Finally, minimum wage workers are slightly more frequently employed in domestic and non-exporting firms.
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THE ADJUSTMENT STRATEGIES USED FOLLOWING RISES IN THE MINIMUM WAGE
When answering the questions about their strategies for adjusting to rises in the minimum wage, firms evaluated relevance of several different adjustment channels for a specified moment of minimum wage increase. In most countries, all firms could answer the question, irrespective of whether they actually had any workers on the minimum wage or not. The exception was Slovenia, where only firms with workers employed at the minimum wage answered. The adjustment channels were: we had to lay people off, fewer people were hired, we had to increase prices, we had to reduce other costs, we had to increase wages that were above the minimum wage as well, and we raised productivity. 17 By design, the questions in the WDN3 questionnaire on rises in the minimum wage only consider one side of the effects of the channels explored, with the exception of the Bulgarian survey (see Section 3 for details). Specifically, interviewees could not cite any of the positive effects on employment or hiring that are possible under monopsony, matching or institutional model assumptions.
The answer choices were different in different countries (see Table A2 ). Most countries offered the choice of 'not relevant', 'of little relevance', 'relevant' and 'very relevant'. The Slovenian questionnaire gave two options, 'relevant' and 'not relevant'. In Bulgaria, as already mentioned, the choices cover both positive and negative effects. Many countries had a binary yes/no choice for the answer to the question about wage spillover from the higher minimum wage to the wages of other workers.
To evaluate how relevant the different adjustment channels were, the answers from the second block were harmonised across countries (see Table A3 ) using a binary measure of relevance. The answer "Relevant" is assigned if the firm answered that the channel is of little relevance, relevant or very relevant, or if the answer "yes" is given. The answer "Not relevant" is assigned for all other cases. For Bulgaria, the answer "Relevant" is assigned for a decrease in the employment or non-labour costs channels if a firm answered that the decrease in the corresponding measure was strong or moderate; similarly, "Relevant" is assigned for increases in the measures of prices or labour productivity if the firm showed a moderate or strong increase.
The timing and the size of the analysed rises in the minimum wage differ notably across countries (see Table 3 ). Several countries referred to a specific date when the minimum wage rose, with the Estonian and Latvian questionnaires asking about firms' reaction to the rise in the minimum wage in January 2014, the Slovenian questionnaire referring to the rise in February 2010, and the Lithuania questionnaire to the rise in January 2013. Other countries referred to longer periods of changes in the minimum wage, with the Bulgarian questionnaire covering the period 2010-2013 for example. The Polish questionnaire focused on changes in the minimum wage after 2013, and since the survey was conducted in 2015, its answers reflect how firms reacted to rises in the minimum wage between 2013 and 2015.
No period was specified in the Romanian questionnaire for rises in the minimum wage, and, since at the moment of the survey the future path of such rises in 2015 was known to firms, the answers may also reflect the expected change in the minimum wage rather than solely the historical changes before 2013. 
Notes: ‡ In Lithuania there were two rises in the minimum wage between 2012 Q3-4 and 2013 Q1-2, of 6% from 231.7EUR to 246.18 EUR in July 2012 and of 18% from 246.18 EUR to 289.62 EUR in Jan 2013. In the questionnaire firms were asked specifically about the 18% increase in the minimum wage.
Source: Eurostat, Monthly minimum wages (bi-annual data).
The highest single rise in the minimum wage among those analysed was of 23% in Slovenia in 2010, followed by rises of 19% in Hungary in 2012 and of 18% in Lithuania in 2013. The Estonian and Latvian questionnaires focus on relatively small rises of 11% and 12% respectively that occurred more recently in 2014. The Bulgarian, Romanian and Polish questionnaires refer to extended periods of time with cumulative minimum wage increases of 29% in 2010-2013, 31% in 2014-2015 and 18% in 2013-2015 correspondingly. However, there is no correlation between the size of the rise in the minimum wage and the relevance of the adjustment channels. This suggests that cross-country differences in the relevance of the adjustment channels are more likely to come from differences in institutional characteristics, the sectoral composition of the economies and the economic shocks that were experienced, rather than the extent of minimum wage increases.
Overall, almost half of all firms in the sample answered that at least one of the six adjustment channels offered was relevant as a response to an increase in the minimum wage (see Table 4 ). The most frequently chosen channels for adjustment to rises in the minimum wage are increases in productivity, reduction of non-labour costs, and rises in product prices. Cutting employment is relatively less popular, and employment effects are realised mostly through reduced hiring, rather than direct layoffs. Notes:
The option "Relevant" is assigned if the firm answered that the corresponding adjustment channel is of little relevance, relevant or very relevant; when only a yes or no option was available, "Relevant" refers to the 'yes' answer. "Total" shows the average share of firms claiming any of the six adjustment channels as "Relevant". ‡ Slovenian firms without minimum wage employees were not asked the corresponding question. Sources: WDN3 survey, authors' estimations, firm number adjusted estimates.
Although around 40% of the firms in the sample do not have any employees on the minimum wage (the share is smaller in Bulgaria and Hungary and larger in Estonia) our results indicate potential spillovers from a rise in minimum wages to these firms (see the lower part of Table 4 ). The overall importance of the adjustment channels is lower, with the exception of the wage, price and productivity adjustment channels for Bulgaria. 18 Around one 18 One possible explanation for the stronger spillover effects of minimum wage increases on the wages of employees earning above the minimum wage in Bulgaria may be that the minimum wage system is linked to the practice of determining minimum social security thresholds by economic activity and occupation in that country. The stronger wage spillover effect may therefore indirectly lead to a stronger relevance of other adjustment channels in companies without employees on the minimum wage in Bulgaria. It should also be remembered for Bulgaria that the question about adjustment to the minimum wage rise was related to the strategies of companies over a longer period of time, 2010- quarter of firms without any employees on the minimum wage at the moment the minimum wage was raised view rises in prices and productivity and cuts in non-labour costs as relevant measures.
COUNTRY OVERVIEW
The next section of the paper discusses the institutional characteristics of the CEE9 and summarises the macroeconomic developments before and during 2010-2013. This helps put the results in the context of the economic and institutional background of the CEE9 countries, and shows that background in comparison with the EU.
MACROECONOMIC BACKGROUND
The years before the global financial crisis saw economic activity in the CEE9 grow at considerably higher rates than the EU average, and saw both real and nominal convergence accompanied by large capital inflows, large current account deficits and rapidly increasing unit labour costs (ULC). Fuelled by large capital inflows that supported a credit boom, and coupled with an expansionary fiscal policy, domestic demand grew strongly in most of the CEE9 in 2005 -2007 (Lane and Milesi-Ferretti, 2015 .
The sudden halt in capital flows and demand at the beginning of the global crisis had a strong negative impact on economic activity, especially in the Baltic States, where GDP fell by more than 15% in 2008-2009 (see Figure A1 in Appendix 3). Only Poland in the whole group of countries did not experience a real recession at any point in the period 2008-2013, mainly because its reliance on internal consumption served as a cushion for external shocks, while favourable changes in the currency exchange rate supported Polish exports.
The crisis triggered a strong labour market adjustment as employment dropped cumulatively by 5-8% in most countries apart from Poland 19 , and by more than 10% in Bulgaria and the Baltics. As a consequence, the unemployment rate, which had been at relatively low levels of around 5-7% in most countries in 2007, rose substantially, exceeding 10% in 2010 except in Poland, Romania and Slovenia, and even reaching more than 15% in 2010 in the Baltic States (see Figure A1 ). Starting from 2010, the economies recovered gradually except for those in Hungary and Slovenia where the recovery started only after a second dip, so that by 2015 most of the CEE9 had recovered all the loss of output since the crisis. Following the 2013, and not only to the most recent change as in other countries. The reference of the question to a longer period of time makes it more likely that second round spillover effects related to the wage distribution will also materialise at firms without any workers earning the minimum wage. 19 The relatively mild response of the Polish economy to the global financial crisis, especially during its first wave, meant an extensive adjustment observed in the labour market in Poland appeared to be quite minor. An almost immediate and significant adjustment in wage dynamics together with a decline in the intensity of labour utilisation as working hours were reduced also helped keep the drop in employment quite modest in 2009, when it did not exceed 1% of total employment. recovery, the unemployment rate came down slowly, although in many countries the demand for low-skilled labour appeared to remain subdued.
During the crisis, both real and nominal gross wages remained on an upward trajectory. The exceptions were the Baltic countries, where large-scale internal devaluations were used to restore economic growth. While the increase in average wages could be partially attributed to the changes in the employment structure, since job destruction mostly affected low and medium-skilled workers, institutional factors may also have played a role. In this regard, the degree of the centralisation and the coverage of wage bargaining and especially the minimum wage policy affected aggregate wage developments.
While nominal average wages have been rising since 2008, minimum wages appear to have risen more, and this has resulted in a growing Kaitz index, which is the ratio of the minimum wage to the average or median wage (see Figure 1) . In 2008 and 2009 the Kaitz index in all the CEE9 countries was below the average of selected EU countries. After that it rose, reflecting that in recent years the growth of minimum wage (relative to both average and medium wages) was higher in the CEE9 than in other EU countries.
According to Eurostat data, the share of low wage earners in most CEE9 countries in 2010 was significantly above the EU15 average, 20 with the lowest share being recorded in Slovenia at 17.1% and the highest in Latvia at 27.8% (see Figure A2 ). Although low wage earners are generally heavily concentrated among young workers or new entrants to the labour market, it seems that low wage earners in the countries analysed are more equally dispersed across all age cohorts than they are in most advanced European economies (see Figure A2 ). This has important implications since it indicates that the effects of rises in the minimum wage in the CEE9 may be more widely distributed in the economy. The sharp rise in the Kaitz index in the CEE9 together with the high shares of workers earning the minimum wage implies further wage compression at the bottom and pressure on the labour cost competitiveness of firms, especially since the rise in minimum wages since 2008 was not accompanied by similar gains in productivity (see Figure A3 ). 
INSTITUTIONAL CHARACTERISTICS
It is generally considered that centralisation of wage bargaining and higher values for other wage rigidity indicators like trade union density or high minimum wages are evidence of lower labour market flexibility (Deutsche Bundesbank, 2009 ). There are differences among the CEE9 when we compare individual institutional aspects 21 ; however, institutions are more flexible in the majority of the CEE9 countries than in the EU15 countries, which suggests it is easier to adjust to rises in the minimum wage through direct changes in labour cost components.
Trade union density, defined as the proportion of employees who are union members, is on average 17% in the CEE9, which is lower than the EU15 average of 35% (see Table 5 ). The density is below the EU15 average in all the CEE9 countries. In general, union density in the CEE9 has declined strongly in the past because of industrial restructuring and a fundamental change in the role of unions (Worker participation, 2015) .
Collective bargaining coverage, measured as the proportion of employees that it affects, is again much lower in the CEE9 on average at 37% than in the EU15, where it is 72% (see Table 5 ). The coverage is higher only in Slovenia, at around 90%, which is well above union 21 See Appendix 2 for a comparison of minimum wage adjustment models in the CEE9. , Schulten, 2014 . Additionally, the minimum wage serves as an important anchor for the wage structure as a whole in countries with low collective agreement coverage. As a rule, developments in the minimum wage are a key benchmark for wage developments in general (Schulten, 2014) . In most of the CEE9 countries, however, the collectively bargained wages are not linked to the minimum wage and the direct links between rises in the minimum wage and in the 22 Almost all employees are covered by collective bargaining in Slovenia, partly as a result of the historical position where the employers' side included chambers of commerce and industry, to which all employers had to belong (Worker participation, 2015) . 23 See European Central Bank (2016). 24 At the same time the percentage of firms in Poland covered by collective agreements increased slightly from 19.3% in 2006 (WDN1) to 20.9% in 2013 (WDN3), which is still clearly below the EU average of over 60%.
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NBS Working Paper 9/2017 wages of other employees are limited to specific types of companies, such as mostly big companies in Poland or sectors, such as public servants in Lithuania. In some of the countries, the minimum wage is a benchmark for lump-sum allowances or other social payments and also, for example, for severance payment. The minimum wage in Bulgaria is usually a lower benchmark for collectively bargained wages and for the system of minimum social security thresholds, which implies that the wage distribution is adjusted more regularly in response to the minimum wage. In Poland, the minimum wage level gives a reference for night-shift pay and severance pay, and is also the minimum base for social security contributions, which is the same as in Hungary.
In most of the countries there is a uniform minimum wage for all workers. An exception is Slovakia, where the minimum wage is adjusted annually by coefficients based on the level of job qualifications or difficulties for six subgroups, which were set by law well before 2010 and have remained unchanged since then. Poland and Slovenia allow a starting wage lower than the minimum threshold for graduates or students, while in Hungary there is a higher minimum wage for positions that require secondary education, but wages of the workers in public employment programmes are set below the minimum wage.
The implicit tax rate in the CEE9 with the exception of Hungary, where labour taxation is relatively high, stood close to or even below the EU15 average, ranging from 24.5% in Bulgaria to 39.8% in Hungary. About a half of the overall implicit tax rate on labour, or around one-third in Slovenia, consisted of non-wage labour costs paid by employers (Taxation trends in the European Union, 2014).
The most common quantitative measure for evaluating the strictness of labour laws is the Employment Protection for Regular Contracts (EPRC) index 25 developed and derived by the OECD. 26 The general idea of the index is to evaluate whether an employer is facing additional hiring and firing costs because of labour protection laws. These costs might be associated with longer hiring processes or an additional financial burden if employment contracts are terminated. Therefore, a higher EPRC value might indicate that it is difficult to cut employment after the minimum wage rises.
The employment protection indicators are available for all the CEE9 countries except Bulgaria and Romania and are listed in Table 5 . The data show employment protection to be stricter for regular contracts in Latvia and Slovenia than it is on average in the EU15, while it is 25 The EPRC index is aggregated from two sub-indexes: the first covers regulations of individual dismissals, and the second assesses additional provisions that apply to dismissals of groups of workers but not to individual dismissals (weights are applied of 5/7 for the regular contracts and 2/7 for collective dismissals). The time series of these indexes for OECD countries for 1985-2013 (for some countries for [2014] [2015] are calculated by the OECD and can be found at www.oecd.org/els/emp/EPL-timeseries.xlsx. Methodological issues and the scores for the separate elements of the indexes are also reported in the same file. 26 These indicators are expressed on a scale from 0 to 6; the higher the value, the stricter the labour protection laws.
NBS Working Paper 9/2017 weaker in Estonia, Hungary, Lithuania, Poland and Slovakia. However, when comparing EPRC indexes among countries, it is important to remember that the EPRC index presents the legal position on employment protection, but this may not accurately reflect how these legal norms are applied in practice, especially in countries with low unionisation, low collective bargaining power and a large shadow economy.
To explore how the institutional characteristics interact with the preferred channels for adjusting to rises in the minimum wage, we plot them against the relevance of adjustment channels normalised by the average share of employees earning the minimum wage in the country (see Figure A4 ). We find that firms in countries with higher implicit tax on labour and a higher share of collective bargaining coverage tend to report higher relevance for the adjustment channels. The association with the strictness of employment protection or union density is less evident.
Adding to the economic and institutional differences in the CEE9 is strong cross-country variation in the institutional changes in the survey period and afterwards, which may have affected the transmission of rises in the minimum wage. Some countries did not see any significant reforms to the minimum wage in this period, while others made such labour market reforms. The reduction in hiring costs in Romania may have mitigated the effects of the rise in the minimum wage to a certain extent. In Slovenia, the minimum wage was indexed to inflation after a substantial rise in it in 2010. 27 In Bulgaria, four collective bargaining contracts were extended to all employees in the industries they covered, which may have increased the transmission of the minimum wage. There was also an extension of the minimum wage coverage in Slovakia. In Hungary, the minimum wage was raised substantially in 2012, and the government defined a compulsory pay rise in order to compensate workers for their loss from the abolition of the tax credit. They encouraged the implementation of this wage rise in the private sector by paying wage compensation, which impacted how the rise in the minimum wage affected the wage distribution.
To sum up, given the significantly higher share of workers earning the minimum wage and their distribution across all age cohorts, as well as the lower level of employment protection, it might be expected that a rise in the minimum wage would have more of an impact in the CEE9 countries than in the EU on average. 27 The Law on the Minimum Wage requires the minimum wage to be increased by at least the rate of inflation each year. It also allows other benchmarks to be used for the adjustment, such as wage trends, economic growth and employment trends.
EMPIRICAL RESULTS
The degree of correlation between the adjustment channels for the minimum wage is high 28 (see Table A4 ), suggesting that different adjustment strategies seem to be used jointly. Descriptive evidence suggests that the choice of the preferred adjustment channel depends on firm-specific characteristics, such as the share of workers earning the minimum wage, size, sector, use of collective agreements, and the changes in macroeconomic conditions. In this section, we apply a multivariate probit framework to study the factors that determine the choice of the adjustment channels, controlling for correlation between the channels.
The dependent variable takes the value 1 if the firm answered that the particular adjustment channel is "Relevant" and 0 otherwise (see Section 3, Table A2 and Table A3 for details). Explanatory variables include dummy variables for country, sector, size, ownership and collective bargaining coverage 29 (see Table A5 for the full list of explanatory variables). Firmspecific economic conditions are controlled for by including ordered variables for changes in the demand for the firm's products and services and changes in external financing conditions. In addition, we control for the presence of minimum wage employees at the firm. Therefore, the average marginal effects of the categorical explanatory variables presented in Table 6a and Table 6b refer to discrete changes from the base level.
As not all the adjustment channels were included in the questionnaires of all the countries 30 (see Table A2 and Table 4 ), we run two versions of the multivariate probit models. The first is for a subset of countries containing Poland, Latvia, Lithuania and Estonia, where all the channels are observed, and the second is for a subset of adjustment channels, consisting of lay-offs, price rises and cuts in non-labour costs, that are observed for all countries.
As expected, estimates from the two versions of the model for all channels and for all countries imply that after the abovementioned characteristics are controlled for, the transmission of rises in the minimum wage is stronger, or more relevant, for firms employing workers at the minimum wage than it is for firms where nobody on the payroll earns the minimum wage. Further, an improvement in demand conditions reduces the probability that the firm will consider cutting employment and non-labour costs or improving productivity. 28 With the exception of Bulgaria, where the specific questionnaire design allowed for both positive and negative effects of the rise in the minimum wage in all adjustment channels. 29 In order to control for potential endogeneity between an increase in the minimum wage share and the presence of a firm-level collective bargaining agreement, we tried two different versions of the variable -presence of any collective agreement and presence of an outside-firm collective agreement. The effect of change in the variable is very small, which was expected due to the relatively low level of collective agreement coverage in the CEE9 countries. Therefore we keep the broader version of the variable in our estimations. 30 All countries asked about the relevance of three adjustment channels -lay-offs of workers, price rises and cuts in non-labour costs, while only four countries -Latvia, Lithuania, Estonia and Polandasked about all six of the adjustment channels in the questionnaire.
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The effect of a change in external financing conditions is weaker but still statistically significant with the short country sample. Note: Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01 Dependent variable -binary measure of relevance used for all countries (1 -Relevant, 0 -Not relevant). For a detailed description of the explanatory variable see Table A5 . Source: WDN3 survey, authors' estimation. Note: Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01 Source: WDN3 survey, authors' estimation.
The variable "Presence of MW employees at the firm" is equal to 1 if the share of minimum wage employees in a firm is greater than 0%, zero otherwise. For detailed variable description see Table A5 .
Next, in line with the descriptive results shown in Table 2 , foreign-owned firms seem to be affected less by rises in the minimum wage, and are less likely to find any of the adjustment channels relevant, especially prices, non-labour costs and productivity channels. Institutional features of the labour market, such as the use of a collective pay agreement, tend to increase the relevance of certain adjustment channels, but only in the full country sample (Table 6b ). The significance is mainly driven by the strong effect in Hungary and Romania. Binding terms in collective agreements can pose additional restrictions on activity and force firms to compensate for rises in the minimum wage by raising prices and cutting non-labour costs and employment in these countries. However, if all the channels are included in the estimation, and so the sample is restricted to the Baltic countries and Poland (Table 6a) , the marginal effect of collective agreements becomes statistically insignificant.
Figure 2: Predicted probabilities to find the adjustment channel "Relevant" for a given range of the share of employees earning the minimum wage at the firm Countries: PL, LV, LT, EE All countries
Note: Calculated using a multivariate probit model presented in Table A7 and Table A8 in Appendix 1.
Looking into the predicted probabilities for the adjustment channels for firms with different shares of employees at the minimum wage adds additional insights (see Figure 2 ). In the subsample of four countries the predicted probability of the channels being favoured increases with the share of employees earning the minimum wage at the firm and peaks when that share is between 60% and 79% (Figure 2 , left-hand graph). For the full sample of countries (see Figure 2 , right-hand graph), the picture is broadly similar, except that the probability of layoffs being relevant increases monotonically with the share of employees on the minimum wage.
The ranking of the adjustment channels changes slightly with the share of minimum wage employees 31 . The productivity adjustment channel has the highest predicted probability for firms where a small share of employees get the minimum wage. In the firms with larger shares though, cutting non-labour costs is the most popular channel. The importance of the price rise channel is constantly lower than the channels for productivity improvement or cuts in non-labour costs. The wage increase channel is used to roughly the same extent whatever share of employees earn the minimum wage, and it has a higher probability than the channel of cuts in employment. 31 The structure of firms in different groups by the share of minimum wage employees is not the same. This affects the predicted probability of the adjustment channel being used in each group. Therefore differences in probabilities between groups should be treated with caution.
The predicted probabilities for the relevance of adjustment channels for firms with and without employees on the minimum wage show that the most popular channels for adjustment for both groups are cuts in non-labour costs, price rises, and the increases in wages and productivity (Figure 3 and Figure 4 ). The channels that affect employment levels through laying off workers and reducing hiring are less popular, which is in line with the descriptive results in Table 2 . As would be expected, the average predicted probability of either adjustment channel being found relevant is smaller for firms without employees earning the minimum wage, where it is half as much as at firms paying some employees the minimum wage.
Figure 3: Predicted probabilities of the adjustment channels being "Relevant" by country (all countries, a subset of channels)
Source: Authors' calculations using the multivariate probit model presented in Table 6b .
The predicted probabilities for the relevance of the adjustment channels vary significantly by country. At the same time, only some of these cross-country differences are due to the aggregate factors represented by the country dummies. The rest of the differences are explained by sample composition effects related to the distribution of sectors, firm-size categories and other firm-specific characteristics in the sample of each country. Estimates based on the full sample of countries and the three adjustment channels included in the questionnaires of all the countries (Figure 3) suggest, for example, that Romanian firms are slightly more likely to report each channel as relevant than firms in other countries are. Equally, the probability of Bulgarian firms expressing a preference for lay-offs is above the average, but they are the least likely to consider the non-labour costs channel relevant. Further, Slovenian firms are predicted to be least likely to prefer the price channel, and to be less likely than the average to choose the lay-off channel. In contrast, an above average share of Slovenian firms are predicted to favour the non-labour costs channel. Lithuanian and Estonian firms have a consistently lower probabilities of considering all three adjustment channels relevant than do firms in other countries.
Figure 4: Predicted probabilities of the relevance of adjustment channels by country (all channels, a subset of countries)
Source: Authors' calculations using the multivariate probit model presented in Table 6a and Table 6b . Figure 4 presents the results for a subsample of the four countries (PL, LV, LT, EE) where the full set of adjustment channels was available. The predicted probability of the adjustment channels being found relevant is consistently higher in Poland than in the Baltic countries. Interestingly, the wage channel has a higher relative importance than the other channels among firms without employees earning the minimum wage. It ranks second after the productivity channel and overtakes the price and non-labour cost channels for predicted relevance.
CONCLUSIONS
This paper uses a unique firm-level cross-country survey dataset on the adjustment channels preferred by firms following a rise in the minimum wage. The data were obtained within the third wave of the WDN survey and come from eight CEE countries, namely Bulgaria, Estonia, Hungary, Latvia, Lithuania, Poland, Romania and Slovenia.
Our paper contributes to the literature on the firm-level impacts of rises in the minimum wage in several ways. First, we provide detailed cross-country information about the shares of minimum wage workers in the CEE8 and Slovakia, which is rarely available in statistical reports. We show that the average share of workers earning the minimum wage varies significantly across countries, sectors, occupations, ownership and exporting status, but only partially across firm-size groups.
Second, we look at firms' reaction to rises in the minimum wage as a combination of strategies and report a preference ranking for the adjustment channels in the CEE8. Such information is not available in other studies due to their concentration on a single transmission channel, most frequently layoffs. Almost half of the subsample of firms which employ workers at the minimum wage responded that at least one of the six adjustment channels proposed was relevant. The most popular adjustment channels are raising product prices, cutting non-labour costs, and improving productivity, which more resembles the theoretical outcome predicted by the institutional model. The ranking of the channels remains robust to a range of different estimation procedures.
Third, our results indicate important spillovers from a rise in minimum wages to firms employing no minimum wage earners. About 20 percent of the firms without any employees on their payrolls at the minimum wage reported that an increase in prices, wages or productivity, or a reduction in non-labour costs are relevant reactions to rises in the minimum wage.
Controlling for firm-specific conditions and correlations between the channels, we show that favourable demand conditions and the availability of external financing are associated with lower relevance for the adjustment channels. Foreign-owned firms seem to be affected less by rises in the minimum wage.
It should further be noted that we expect minimum wages to play a greater role in CEE than in the other EU countries. This can be explained by the significantly higher share of low wage earners in CEE and the more equal distribution of them across all age cohorts, and also by the sharp growth in the minimum wage level in these countries during the period analysed. Finally, the power of trade unions and collective bargaining coverage have decreased significantly in these transition economies over recent decades because of industrial restructuring. The shrinking role of collective bargaining may be one reason why a national minimum wage has now become more typical in CEE, as the minimum wage provides some protection for workers not covered by collective bargaining. We increased productivity 1
EE
We had to seek to improve the quality and scope of products through process innovation 2
We had to seek to increase productivity through organisational innovation 2
We had to seek to increase productivity through process innovation 2 BG Labour productivity 4 RO, SI n.a.
EE, PL Hours
We had to reduce working hours 2 LV, LT, HU, RO, SI, SK, BG n.a. 2 "Electricity, gas, water" 3 "Construction" 4 "Trade" Note: Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01 Dependent variable -binary measure of relevance used for all countries (1 -Relevant, 0 -Not relevant). For detailed description of the explanatory variables see Table A5 . The model is used for the calculation of the predicted probabilities in Figure 4 .
Sources: WDN3 survey, authors' estimations. 
APPENDIX 2. MINIMUM WAGE ADJUSTMENT MODELS
Four different minimum wage adjustment models are distinguished: (i) the indexation model, (ii) the negotiation model, (iii) the consultation model and (iv) the unilateral decision-making model. The first model automatically adjusts the national minimum wage by taking account of the evolution of certain economic indicators, with the movement in consumer prices used most commonly. Indexation of this type with consumer price inflation is currently used in Slovenia. Moreover, the initial increase can be further supplemented by political adjustments, such as a rise in the minimum wage when inflation is considered to be too low.
Under the negotiation model, employers and trade unions regularly negotiate the adjustment of the national minimum wage and the state transposes the result of these negotiations into a statutory minimum wage. Such a model can be found in Bulgaria, Estonia, Lithuania and Poland. In reality however, genuine wage negotiations often do not take place, and trade unions lack the ability to exert the political pressure needed to get employers to make adequate minimum wage adjustments. Since such negotiations are usually unsuccessful in practice, the states that use them usually provide fall-back solutions and decide the minimum wage level if the negotiations fail (Schulten, 2014) .
The third type of model involves consultations in more or less institutional form between employers, trade unions and sometimes other groups such as academics. The ultimate decision on adjusting the minimum wage, however, lies with the state. Latvia, Hungary and Slovenia use this model, with Slovenia using it to supplement indexation.
Under the fourth model there are no negotiations or institutionalised consultations with employers and trade unions, and the state itself determines the minimum wage. This model is fairly untypical for Europe and has emerged only in recent years in the wake of the financial crisis in countries that used to have a negotiation or a consultation model. Such countries among the CEE9 are Romania and Slovakia, with the unilateral decision in Slovakia being based on recommendations from social partners (Schulten, 2014 
